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(54) Knife blades, 

(S?) The invention i relates i to knife blades and their 
^ methods of production. Whilst it has long been 
known that the surface hardness and wear re- 
sistant properties of metal objects can be enh- 
anced by a hard surface provided on them, the 
effective employment of this in relation to knife 
blades has proved difficult to achieve. The 
object of the invention is to provide a knife 
blade (2) with a ^cutting edge (5) of a harder 
material than the .body of : the .blade, and the 
objective is met by a construction comprising a 
v-shaped cutting edge formed ; on a blank and 
such that the cutting tip (5) lies substantially 
centrally of the Width of the blank characterised 
. . in - that one side .face* -of the v-shaped cutting 
- edge is provided with a coating ,(3) of a material 
harder than the material of the blank, the actual 
cutting edge J (5) being formed wholly of the 
harder material, and the coating (3) having a 
^columnar 'crystal structurie that extends away 
from the surface of the blank and to toe outer, 
face of the coating (3). ... . . . 
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Dlades and to a 



This invention relates to l^^bh 
method of their production. 

It has long been known that the surface hardness 
and wear resistant properties of metal objects can be 
enhanced by the provision of a hard surface on Jt tie , 
metal objects. Thus it is known to generate a carbide 
and/or nitride enriched or transformed surface, by an 
appropriate heat treatment, and also known to provide 
a hard surface coating such as by carburising or ni- 
triding, chemical or physical vapour deposition, elec- 
troplating, plasma arc spraying, and other equivalent 
processes. 

When considering a knife blade, providing a hard 
surface particularly at the cutting edge, it is difficult 
to put into practice by either of the general techniques 
outlined above, as a consequence of the very thin 
sections of blank ordinarily employed in knife blade 
construction, and the acute angle to be found at the 
cutting tip, To take a finished enriched or transformed 
hard surface layer, there is the inevitable depletion of 
carbon from the body of the blade, leaving a blade pf . 
insufficient strength. With surface coatings and with 
a finished blade the relatively small included angle 
formed at the cutting edge is such that there is an in- 
evitable build-up of coating material at the actual cut- 
ting tip and which has a major adverse effect on the 
sharpness of the blade. 

Attempts have been made hitherto to apply a 
hardened surface to a knife blade such as by a diffu- 
sion heat treatment and by vapour deposition of car- 
bides or nitrides. In one known form of construction 
there has been the treatment of a tapered blank fol- 
lowed by a single wetting or grinding to form a chisel 
cutting edge and to put the cutting edge in line with 
one side face of the blank. When subjected to recog- 
nised edge testing procedures, such knives have 
demonstrated no significant improvement in their cut- 
ting characteristics in comparison with untreated 
blades of the same configuration. 

The object of the present invention is to provide 
a knife blade with a cutting edge of a harder material 
than the body of the blade, and a method of produc- 
ing knife blades with such harder edges and which, 
display a major improvement in cutting performance 
in comparison with blades known hitherto. 

According to the present invention, a knife blade 
comprises a v-shaped cutting edge formed on a blank 
and such thatthe cutting tip lies substantially centrally; • 
of the width of the blank, one side face of the v-shap- 
ed cutting edge being provided with a coating of a ma- 
terial harder than the material of the blank, the actual 
cutting edge being formed wholly of the harder mate- 
rial, the coating having a columnar crystal structure 
that extends away from the surface of the blank and 
to the outer face of the coating. 

According to a further feature of the invention, a 
knife blade comprises a v-shaped cutting edge 
formed on a blank and such that the cutting tip lies 
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substantially centraH(Pr the wjdth of the blank, one 
.. . side face of the,y-shaped putting edge, b 

with a coating of a carbo-nitride, the actual cutting 
edge being formed wholly of the carbo-nitride mate- 
5 rial, and the carbo-nitride material displaying a colum- 
* nar crystai structure that extends away from the sur- 
face of the blank and to the outer face of the carbo- 
nitride coating. 

To ensure the. production of the required colum- 
10 nar crystal structure within the coating, it is preferred 
that during the application of the coating, the coating 
process is controlled to prevent the temperature of 
the blank exceeding its tempering temperature, with 
the additional advantage. that there is avoided the 
15 negating of the temper of the body material. Thus, the 
temperature of the blank should be held below 480°C 
and preferably below 400°C. 

Preferably, t he carbo-nitride material is titanium 
carbo-nitride or chromium carbb-nitride. The coating 
20 may be applied by thermal evaporation physical va- 
pour deposition either in the form of electron beam 
physical viapour deposition, or of arc physical vapour 
deposition with the arc either random or steered. 
Equally possible is the employment of sputter physi- 
25 cal vapour d eposition either in t he form of magnetron 
sputtering or arc bond sputtering , 

AM of these physical vapour deposition techni- 
ques use reactive gas control which allows a plasma 
generated in a vacuum chamber in which the blade is 
30 located to combine with nitrogen and carbon-carrying 
gases and to result in the deposition of a metallic nitr- 
ide and/or metallic carbo-nitride coating on the sub- 
. strate formed by the blade. 

. The employment of chemical vapour deposition 
35 to provide a metallic ceramic coating may also be pos- 
sible. 

Jo ensure that the whole of the cutting tip is 
formed by the applied coating, it is preferred to grind 
afirstfaceofa v-shaped cutting edge and to apply the 

40 coating material to the blank, and followed by the 
grinding of the second face of the v-shaped cutting 
edge, preferably, the side faces of a partly-ground 
blank are masked to limit the application of the coat- 
ing to the first ground face. 

45 • As a consequence of creating a coating of a col- 
umnar crystal structure to one side of the v-shaped 
ii&ing edge, W there is the pro- 

vision of body ^^tl^dMc^y^hind the cutting tip 
formed wholly from the coating, material, and as a 

so consequence of which considerable support is pro- 
vided to the otherwise somewhat brittle coating ma- 
terial, there is on the other hand the provision of an 
uncoated second face to the v-shaped cutting edge. 
Therefore, during normal usage of the knife blade, it 

55 displays a considerable initial sharpness directly re- 
sulting from the whole of the cutting tip being formed 
from hard material and there is wear on the uncoated 
face which whilst to a degree not readily perceptible 
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to the eye, is sufficient to weaki^^ body material 
immediately behind the cutting tip. The fact that the 
coating material is of ia -columnar crystal structure, 
has the result that a series of fault lines are provided 
through the depth of the coating at the interface be- 
tween adjacent columnar crystals. This, plus the min- 
ute degree of wear on the uncoated surface of the 
cutting edge during use, causes the exposure of such 
a fault line and the 'breaking iaway from the coating of 
the outermost columnar "crystals. Consequently, and 
during use of the knife, there is the effective regen- 
eration of the cutting edge, with the effect of that in 
providing not only a considerable initial sharpness but 
also the maintenance of the cutting edge to a degree 
that cannot be matched by any knife known hitherto. 

Preferably, the material of the blank is a marten- 
sitic stainless steel having a carbon content in the 
range 0.16% to 0.36%; and further preferably has a 
chromium content of 12% to 14%. Whilst the surface 
finish of the blank is not critical, it is highly desirable 
that it is not highly polished and not overly rough. It 
is therefore preferred that the surface finish on the 
blank is in the range 0.1RA to 2:0RA; with a preferred 
hardness in the range 46-54 HRC. : 

For optimum perforrnance characteristics, the 
depth of the thickness of the applied hard surface 
coating should be in the range 2.0 um to 20 um, and 
preferably in the range 8 jim to 15 u.m. 

Whilst of necessity the cutting edge formed on 
the blank must be a discrete vee cutting edge with the 
cutting tip lying substantially central of the blank 
width, the blank ban be a parallel-sided blank or can 
of itself be tapered to one or to both sides. 

The cutting edge itself can be formed by flat 
grinding or plunge grinding of a first face prior to the 
effecting of the coating and flat or plunge grinding the 
second face subsequent to the coating. However, 
other edge forms can be provided with enhanced per- 
formance within the present invention. Thus, the two 
grinding stages can be such as to provide a hollow 
ground edge. Equally the edge form can be the first 
grinding of a face of the vee shaped cutting edge with 
serrations, scallops, or combinations therefore and 
the flat or plunge grinding of the second face. 

Particularly with a plunge or flat ground edge 
form, it is preferred that the vee shaped cutting edge 
has an included angle of 14° to 30°. Further prefer- 
ably the included angle lies between 16° and 22° and 
still further preferably the included angle lies between 
18° and 20°. 

In the form of construction where a first face of 
the vee shaped cutting edge is ground with serra- 
tions, it is preferred to provide between 25 and 50 ser- 
rations per inch and further preferably to provide 40 
serrations per inch. Desirably, the included angle of 
the serrations lies between 80° and 100°, preferably 
90°. In the form of construction where a first face of 
the vee shaped cutting edge is ground with scallops, 
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-the scallops may ha^^radius in the range 0.1" , 
: preferably 0.16",to 0 T 75" and may have a pitch in the 
.;, -range 1:0 to 10 and .preferably 1 to. 5. T.P.I. 
5 : - \\V;c>An essential advantage ,0f t he invention, in addi- 
ction to the provision of considerably enhanced perfor- 
mance characteristics ;jn ; comparison conven- 
tipnal blades Jies in .the fact tha| no subsequent proc- 
ess beyond the second grinding stage is required 
save; perhaps for -a f inajpqiishing. v 

>tXhe invention will now -be_ further dispussed with 
reference to t he ac^qmpanying drawings,: |n_. which: - 
• Figure. 1: is a.side.ejeyatipn of a knife blade in ac- 
cordance with the invention; -v..-^. 
Figure 2 is a section on the line 2-2 of Figure 1; 
and 

Figure 3 is a block diagram representation of the 
cutting performances of three kniyes subjected 
to the identical test as is detailed below. 
-20 -The three kniyes yyeresubjepted tothesamerec- 
:' : ognised edge test where, % blpck .of t 1 50 cards, each 
0.3mm thick, were provided in a holder, a knife blade 
: held in position with its edge resting on the lowermost 
card and the cardholder provided with a static load 
25 of 30N and t he knife reciprocated at a .constant rate 
■;■ of 50mm/sec pyer.aJSOmm sfroke length, The number 
of strokes taken to cut through a Jblppk of cards was 
noted and the block replaced when completely cut 
through, the test being treated as ended when more 
30 than 30 strokes were required to cut through a block 
of cards. 

Of the three kniyes, Blade Apf Figure 1 was a util- 
ity knife constructed in accordance with British Patent 
No. 2108887, Blade B was a utility knife constructed 

35 in accordance yvith European Patent No. 0220362, 
. and Blade C^was a utility knife pons tructed in accor- 
dance with the invention. Each of Blades A, B, and C, 
; were formed from a parallel-sided blank with a sub- 
stantially centrally located v-shaped cutting edge, 

40^ plane ground to one side and provided with serrations 
and scallops to the other side. The blade of the inven- 
tion, Blade C, was prepared by first grinding one side 
1 of the generally v-shaped edge of a knife blade 2, 
following which the coating 3 of the invention was ap- 

45 plied, and followed by the grinding of the second face 
4 of the cutting edge to form at the cutting tip 5 a cut- 
ting edge formed wholly of the coating material. The 
coating was formed by a magnetron sputtering tech- 
nique as is of itself known, but with the temperature 

so within the chamber held at below the tempering tem- 
perature of the material of the blade blank i.e. at ap- 
proximately 350°C and hence below the conventional 
.temperatures at which magnetron sputtering is effect- 
ed for its other uses, to guarantee the creation of a 

55 columnar crystal structure in, the material coated on 
the blade edge. The reactive gases were carbon car- 
rying acetylene and nitrogen and the target in the 
■ . . - chamber was titanium and whereby a.titanium carbo- 
nitride. coating was formed on the blade edge. 
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The purpose for the seleciJ^B^ Blades A and B 
respectively made 'in accordance with British Patent 
No. 2108887 and European Patent No. 0220362, is 
that they constitute edge constructions with better 
edge retention characteristics than other edge con- 
structions known in the art. : - — -V "V ' ■■■ v - 

As is showh : by Figure 3, Blade A cut a total of 
19,500 cards lip to the suspension of the test, Blade 
B cut a total of 31 ,800 cards and Blade C; in accor- 
dance with the invention, a total of 324,450 cards, evi- 
dencing the provision of edge retention characteris- 
tics by the invention massively improved over the 
. edge retention characteristics of the blades of the pri- 
or art. > '• 
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7. A method of. producing a knife blade in accor- 
• dance with Claim T or Claim 2, characterised in 
. that the coating of a harder material is applied by 

chemical vapour deposition. -.-.A 

8. • Amethod as in any of Claims 5 to 7, characterised 
i. in that the temperature of the deposition process 
. is held below the tempering temperature of the 

• material of the knife blade. ; 

9. A method as in Claim 8 t . characterised in that the 
; temperature of the deposition process if held be- 

- . low 480«?C. : :i- v, : 



Claims 



Aknife blade comprising a v-shaped cutting edge 20 f > 
formed on a blank and such that the cutting tip 
lies Substantially ;-centhally of the width of the 
blank characterised in that brie side face of the v- 
shaped butting edge is provided with a coating of 
a material harder than the material of the blank, 25 
the actual cutting edge being formed wholly of 
the harder material, and the coating having a col- 
umnar crystal structure that extends away from 
the surface of the blank and to the outer face of 
the coating. " 30 

Aknife blade comprising a v-shaped cutting edge 
formed bn a blank and such that the cutting tip 
lies substantially centrally of the width of the 
blank characterised in that one side face of the v- 35 
shaped cutting edge is provided with a coating of 
a carbo-nitride, the actual cutting edge being 
formed wholly of the carbo-nitride material and 
the carbo-nitride material displaying a columnar 
crystal structure that extends away from the sur- 40 
face of the blank and to the outer face of the car- 
bo-nitride coating. 



10. A knife blade as in any of Claims 1 to 3, charac- 
v tensed in that the material of the blank is a mar- 
: ; tensitic stainless steel hacing a carbon content in 

the range 0.16% to 0.36% i 

11. Aknife blade as in Claim 10, characterised in that 
V. ; the material of the blank has a chromium content 

Of 12% tO 14%. ^ ^rW':' : : ; : / 

12. A knife. blade as in Claim 10 or Claim 11, charac- 
terised in that/the surface finish on the blank is 
in the range 0.1RA to 2.0RA. 

13. Aknife blade as in any of Clajms 1 to 3, charac- 
terised in that the deptlvof the thickness of the 
applied coating of a harder material is in the 
range 2.0jim to 20^im. 

14. Aknife blade as in Claim 13, characterised in that 
the depth of the thickness of the applied coating 

• is in the range •8^mto-J5|iiTi r ...v.^ 1 - i .-...^ J 



3. A knife blade as in Claim 2, characterised in that 

the carbo-nitride material is titanium carbo-nitr- 45 
,: jde. " 

4. Aknife blade as in Claim 2, characterised in that ' 
the carbo-nitride material is chromium carbo-nitr- 



5. A method of producing a knife blade in accor- 
dance with Claim 1 or Claim 2, characterised in 
that the coating of a harder material is applied by 
thermal evaporation physical vapour deposition. 

6. A method of producing a knife blade in accor- 
dance with Claim 1 or Claim 2, characterised in 
that the coating of a harder material is applied by 
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